Rationale: Whether a nurse-implemented goal-directed sedation protocol resulting in more awake yet calm intubated children affects postdischarge functional status, health-related quality of life, or risk for post-traumatic stress disorder is unknown.
Sedation and analgesia provided to critically ill patients have effects that extend beyond hospital discharge. Multiple studies in animal models (1) (2) (3) and newborns (4-7) reported long-term neurodevelopmental and behavioral effects of pain and sedation. Studies of older children are few, and effects likely vary with age and development. In adults, Kress and colleagues (8) found that a daily wake-up test had a beneficial longterm impact 6 months after hospital discharge. In contrast, young children have limited cognitive and communication skills and may derive more benefit than adults from amnesia provided by deep sedation. Thus, whether changing the level of sedation among children has favorable long-term effects is unknown.
In the RESTORE (Randomized Evaluation of Sedation Titration for Respiratory Failure) trial of team-based, nurse-implemented, and goal-directed sedation versus usual care in children with acute respiratory failure, use of the sedation protocol did not shorten the duration of mechanical ventilation (the trial's primary outcome) (9) . Analyses of in-hospital secondary outcomes found that patients were safely managed in a more awake and calm state while intubated and that they received fewer days of opioids and classes of sedatives, without an increase in inadequate pain or sedation management or clinically significant iatrogenic withdrawal.
As part of the RESTORE trial, we also assessed postdischarge secondary outcomes in a stratified random sample of patients 6 months after pediatric ICU (PICU) discharge. Here we report postdischarge functional status and health-related quality of life (HRQL) in a sample of all trial patients and symptoms of post-traumatic stress disorder (PTSD) in older patients who were able to self-report. Our primary objective was to determine the effects of the sedation protocol on postdischarge outcomes.
Methods
RESTORE was a cluster randomized trial enrolling 2,449 patients from June 2009 through December 2013 at 31 sites (1,225 from 17 intervention sites and 1,224 from 14 usual care sites) (9) . Patients were 2 weeks to 17 years old at enrollment and were expected to require invasive mechanical ventilation for at least 24 hours for acute respiratory failure from lower airway or parenchymal disease. Written, informed consent for follow-up assessment 6 months post-PICU discharge was sought from all parents or legal guardians of children who participated in the trial; parents/guardians could opt to refuse consent for follow-up while still consenting to participate in the acute phase of the trial. Patients were asked to provide assent when they were cognitively capable (.8 yr of age, Pediatric Cerebral Performance Category [PCPC] of 1-3 [normal to moderate disability] [10] , and 72 hours after their last sedative dose). Adolescents turning 18 years old after study enrollment were asked to provide consent. Institutional review board approval was obtained at each study site and the coordinating centers.
We conducted postdischarge assessments using mail, electronic mail, internet, and/or telephone on a random sample of consented patients stratified by age group (,2, 2-4, 5-7, 8-12, and 13-18 yr) and site. On a monthly basis while the trial was ongoing, a random sample of RESTORE subjects who had been discharged from the hospital was selected for follow-up, stratified by the above age groups and site, until interviews were completed on approximately 900 subjects across all 31 clinical sites. After receiving a reminder letter and copies of the assessment instruments by mail, consenting families were called 6 months (61 mo) after PICU discharge. Attempts were made to reach families on both weekdays and weekends and also on weekday evenings. We interviewed parents/guardians to assess patients' functional status. In addition, we asked parents/guardians to complete proxy-report pediatric quality-of-life questionnaires, and developmentally capable patients at least 8 years old were asked to complete self-report questionnaires for quality of life and post-traumatic stress. For Spanish-speaking patients, interviews were conducted in Spanish, and we used validated Spanish translations of all instruments. All postdischarge interviews were conducted from a single centralized site. Patients and families were considered ineligible for follow-up if they did not live in the United States, if they could not understand English or Spanish, or if consenting parents/guardians no longer had custody of the patient. All personnel involved in postdischarge outcomes assessment were blinded to treatment assignment. Statisticians were not blinded to treatment assignment.
Functional status was assessed at three time points using the PCPC and Pediatric Overall Performance Category (POPC) (10) . Site staff estimated baseline (before the illness that qualified the patient for RESTORE) and hospital discharge status on the basis of medical record review, and postdischarge status was determined by telephone interview. We assessed quality of life at a single time point (postdischarge) using two validated measures on the basis of patient age and developmental status. In children younger than 2 years old, we used the Infant and Toddler Quality of Life Questionnaire-97 (ITQOL-97) (11) , which measures 12 physical and psychosocial concepts, including general health, change in health from a year ago, physical abilities, growth and development, behavior, and temperament and mood, and which has been validated in children up to 6 years old. In children 2 years and older, we primarily used the Pediatric Quality of Life Inventory, Version 4.0 Generic Core Scales (PedsQL) (12) , which assesses four domains of function (physical, emotional, social, and school) that are incorporated into a total score, and the three nonphysical domains are also averaged into a psychosocial health summary score. For children assessed
At a Glance Commentary
Scientific Knowledge on the Subject: In a cluster randomized controlled trial, use of a nurseimplemented goal-directed sedation protocol in children with acute respiratory failure resulted in more awake and calm intubated patients than usual care but did not change duration of mechanical ventilation. Whether a more awake yet calm state affects postdischarge outcomes is unknown.
What This Study Adds to the Field: In a stratified random sample of 1,360 trial patients, there were no treatment group differences in postdischarge functional status, healthrelated quality of life, or post-traumatic stress.
with the PedsQL, we categorized children as having impaired HRQL if their score was more than 1 SD below the mean of the reference population as per Varni and colleagues (13) . If the parent of an older child had difficulty completing the PedsQL because of the child's developmental impairment (e.g., children with PCPC > 3), the ITQOL was used. We assessed post-traumatic stress in older children using the Child PTSD Symptom Scale (CPSS) screening tool (14) , which assesses all PTSD symptoms in the three clusters of Diagnostic and Statistical Manual of Mental Disorders, 4th edition (15) . We asked parents about their educational level and income to assess socioeconomic status (SES), but most parents (63%) declined to provide income data. Therefore, we used the median household income of zip code of residence in 2011 (16) (the middle year of enrollment) as an indicator of SES.
We performed sample size and power calculations for these secondary outcomes a priori on the basis of assumptions of postdischarge outcome data on a minimum of 900 RESTORE subjects, with each agespecific HRQL measure (ITQOL or PedsQL) administered to approximately half of this cohort. With a power of 80% and two-sided 0.05 level tests, the detectable effect sizes ranged from 0.20 to 0.25 SDs for each HRQL measure, taking into account a range of possible intraclass correlation coefficients, since RESTORE was a cluster randomized trial.
Data Analysis
We compared baseline characteristics between patients with and without consent for follow-up, and baseline characteristics and hospital course between patients with follow-up and hospital survivors without follow-up. Treatment group comparisons (sedation protocol vs. usual care) of functional status, quality of life, and post-traumatic stress were adjusted for age group, functional status at baseline, and Pediatric Risk of Mortality score from the first 12 hours in the PICU (PRISM III-12) (17) . For patients with both parentreport and self-report PedsQL, we compared scores using paired t tests. Throughout, linear, cumulative logit, logistic, multinomial logistic, and proportional hazards regression were used for continuous, ordinal, binary, nominal, and time-to-event variables, respectively. All regression analyses except for multinomial logistic regression accounted for PICU as a cluster variable using generalized estimating equations. In linear regression analyses, age, PRISM III-12 score, risk of mortality, and mean and peak daily doses were log-transformed. Analyses were performed using SAS (version 9.4; SAS Institute).
Results

Characteristics of the Study Cohort
Parents/guardians of 2,138 patients (87% of 2,449 RESTORE patients) consented to postdischarge follow-up, and 2,002 of these patients survived to hospital discharge ( Figure 1 ). Follow-up consent rates were higher among patients in the sedation protocol versus usual care arm (92 vs. 83%; P = 0.004). Consented patients were similar to those not consented, except for history of asthma (15% among consented vs. 12% among nonconsented, P = 0.03).
We obtained postdischarge data from 1,073 of 1,360 selected and eligible patients (79%), 30 of whom died between discharge and follow-up. Of eligible survivors (n = 1330), 72% (n = 960) parents/guardians provided interview data, 63% (n = 838) parents/guardians provided HRQL data, and 39% (n = 102 out of 260 children >8 years with PCPC < 3) children provided post-traumatic stress data. Interviews were conducted at a median of 6.9 months after PICU discharge (interquartile range, 5.7-8.5 mo). Compared with hospital survivors without follow-up, patients providing postdischarge data were more frequently in older age groups and nonHispanic white; had higher levels of parental education and median household income of zip code of residence; were more likely to have cancer, a diagnosis of pneumonia or aspiration pneumonia, or moderate/severe pediatric acute respiratory distress syndrome; and were more likely to have received ketamine (see Table E1 in the online supplement). Characteristics of patients and families completing each follow-up measure are provided in Table E2 . Follow-up rates did not differ by treatment arm. Treatment group differences in patients with follow-up were similar to those in the main trial, with patients in the sedation protocol arm being younger and having lower risk of mortality, less frequent history of asthma, and a different distribution of primary diagnosis category (Table 1) . In addition, patients in the sedation protocol arm had more days awake and calm and received fewer sedative classes. They had more days with an episode of pain or agitation, but there were no differences in inadequate pain or sedation management or iatrogenic withdrawal syndrome between treatment arms.
Functional Status
Of the 960 patients whose parents/guardians were interviewed, most had normal functional status at baseline; 75% (n = 717) had PCPC of 1, and 71% (n = 685) had both PCPC of 1 and POPC of 1. Of 949 patients with both baseline and interview data, PCPC or POPC worsened from baseline to follow-up in 20% (n = 192). Decline in function from baseline to follow-up did not differ by treatment group (sedation protocol vs. usual care: 18 vs. 23%; P = 0.14 controlling for age group, baseline functional status, and PRISM III-12 score) but was more common among those with baseline impairment than among those with baseline normal function (PCPC = 1 and POPC = 1) (27 vs. 18%; P , 0.001). Cognitive function (PCPC) worsened from baseline to follow-up in 11% (n = 101) and improved in 6% (n = 54). Decline in cognitive function was more common among those with baseline cognitive impairment (PCPC . 1) than among those with baseline normal cognitive function (PCPC = 1) (15 vs. 9%; P , 0.001). Decline in physical function (POPC) from baseline to follow-up was more common than decline in cognitive function, with 19% (n = 180) having worse POPC. The percentage of patients with decline in physical function was similar among patients with baseline impairment (POPC . 1) as compared with those with baseline normal function (POPC = 1) (23 vs. 18%; P = 0.06).
HRQL ITQOL. Of the 336 patients younger than 6 years old whose parents completed the ITQOL, 273 (81%) had normal baseline functional status (PCPC = 1 and POPC = 1). Among patients older than 1 year at the time of follow-up, more than two-thirds of parents (68%) rated their child's health as better than 1 year ago, 24% reported no change, and 8% reported worsening.
ORIGINAL ARTICLE
Controlling for age group, baseline functional status, and PRISM III-12 score, there were no significant differences in ITQOL scores by treatment arm (Table 2) . Including the 53 patients older than 6 years of age whose parents chose to complete the ITQOL (all had PCPC = 4 [severe disability] at discharge and/or follow-up) did not affect differences by treatment arm.
PedsQL. Among the 444 patients whose parents completed the PedsQL, the mean total score was 77.7 (SD, 20.3). Controlling for age group, baseline functional status, and PRISM III-12 score, there were no significant differences in parent-report PedsQL total or domain scores by treatment arm, except physical functioning was statistically significantly worse in the sedation protocol arm (mean, 76.9 [SD, 28.6] vs. 77.2 [SD, 26.5]; P = 0.04) ( Table 3 ). The 105 patients who selfreported their quality of life had a mean total score of 71.8 (SD, 20.6). There were no significant differences in self-report PedsQL total or domain scores by treatment arm when controlling for age group, baseline functional status, and PRISM III-12 score. There were no significant differences in total or domain scores between parent-and self-report among patients who had both (n = 102).
Post-traumatic Stress
Of 102 children completing the CPSS, the mean total score was 8.5 (SD, 9.1). Thirty percent (n = 31) had scores greater than or equal to 11, indicating risk of posttraumatic stress disorder. There were no significant differences by treatment arm (Table 4) .
Discussion
In this large, multicenter randomized trial of pediatric patients with acute respiratory failure comparing a team-based, nurseimplemented, and goal-directed sedation protocol to usual care, the sedation protocol had little effect on outcomes after PICU discharge. The only statistically significant difference between treatment arms was that patients aged 2 years and older in the sedation protocol arm had worse physical functioning scores as assessed by parent report of the PedsQL. However, this difference in means of 0.3 points is lower than the clinically significant difference in scores for the measure (4.5 points [13] ). These findings demonstrate that a sedation strategy that allows patients to be more awake and exposes them to fewer sedative and analgesic medications produces no long-term harm.
Overall, postdischarge morbidity in this cohort of patients recovering from acute respiratory failure was common, with one-fifth of patients having a decline in functional status from baseline to followup at 6 months. In addition, decline in functional status was more common in those with impaired cognitive function at baseline. These findings are consistent with those of several single-center or twocenter studies (18) (19) (20) and with studies of adults (21, 22 Parents/guardians provided health-related quality of life data via Infant and Toddler Quality of Life Questionnaire (ITQOL) or Pediatric Quality of Life Inventory (PedsQL). For ITQOL, parents/guardians provided data for 53 patients 6 years of age or older; these data were analyzed separately, as the instrument is validated for children younger than 6 years of age. For PedsQL, parents/guardians provided incomplete data for five patients, so that the PedsQL could not be scored. SP = sedation protocol; UC = usual care. *P values for comparison between treatment groups were calculated using linear, cumulative logit, logistic, multinomial logistic, and proportional hazards regression for log-transformed continuous, ordinal, binary, nominal, and time-to-event variables, respectively. All regression analyses except for those using multinomial logistic regression accounted for PICU as a cluster variable using generalized estimating equations. † Median household income of zip code of residence in 2011 (16) . ‡ Normal functional status at baseline was defined as PCPC = 1 and POPC = 1. POPC must be greater than or equal to PCPC (10).
x Severity of illness was defined by the PRISM III-12 score. The scale for the PRISM III-12 score ranges from 0 to 74, with higher scores indicating a higher risk of death (17) . jj Other acute primary diagnoses include pulmonary edema, thoracic trauma, laryngotracheobronchitis, pulmonary hemorrhage, pertussis, pneumothorax (nontrauma), acute respiratory failure related to multiple blood transfusions, pulmonary embolus, and chemical pneumonitis. ¶ Other chronic primary diagnoses include acute respiratory failure after bone marrow transplantation, acute chest syndrome/sickle cell disease, acute exacerbation lung disease (cystic fibrosis or bronchopulmonary dysplasia), pulmonary hypertension (not primary), and pulmonary leukostasis. **Patients were assigned 28 days if they remained intubated or were transferred or died before Day 28 without remaining extubated for more than 24 hours, therefore making this outcome the inverse equivalent of ventilator-free days. † † PARDS severity was defined using the 2015 Pediatric Acute Lung Injury Consensus Conference criteria (42) . ‡ ‡ MODS was defined as respiratory dysfunction plus one or more extrapulmonary organ dysfunction(s), with concurrent MODS defined by onset on Day 0 or 1 and new MODS by onset on Day 2 or later (43) . xx Study days awake and calm was defined as modal SBS score 21 or 0, episode of pain as highest pain score greater than or equal to 4, and episode of agitation as highest SBS score 11 or 12. jjjj Inadequate pain management was defined as pain score greater than 4 (or pain assumed present if receiving neuromuscular blockade) for 2 consecutive hours and inadequate sedation management as SBS score greater than 0 (or agitation assumed present if receiving neuromuscular blockade) for 2 consecutive hours. ¶ ¶ Iatrogenic withdrawal syndrome was defined as WAT-1 score ever greater than or equal to 3 in survivors who completed weaning from 5 or more days of opioids and had at least one WAT-1 assessment. median of 3.5 years after PICU discharge, 21% had a decline in function (19) . More recently, Pinto and colleagues found that 27% of their cohort had a decline in function from baseline to 3 years postdischarge (23) .
Across all age groups, parents reported HRQL scores lower than the general pediatric population. Compared with U.S. norms for the ITQOL (24), scores in RESTORE patients were lower in nearly all domains, with the exception of temperament and moods and general behavior. Compared with scores from a cohort of 138 children with recurrent wheezing treated with bronchodilators or steroids (11), RESTORE patients had higher (better) ITQOL scores in temperament/moods (mean in children with recurrent wheezing, 72.0) and general behavior (mean, 73.7) but lower scores in the domain of general health (mean, 56.2). Not surprisingly, the domain with the lowest score in RESTORE patients was general health perceptions, which includes questions about whether the child had ever been seriously ill or so sick that the parent thought she/he might die and regarding the frequency of worry about the child's health. Nonetheless, most parents rated their child's health as improved compared with a year earlier (roughly 6 mo before hospital admission).
HRQL measured by the PedsQL was also lower than the reference population (25) , consistent with other studies of HRQL in PICU survivors. Specifically, parent-report total scores were similar to those in patients with asthma (mean total score, 75.6) (26) and older inpatients (77.8 for 13-18-yr-olds) (27) . They were lower (worse) than those in younger inpatients (86.5 for 0-12-yr-olds) (27) and a general PICU cohort without underlying chronic disease (86.5) (28). They were higher than reported in patients with cancer (72.2) (29) and substantially higher than in patients with prolonged PICU stay (66.9) (30). In contrast to other studies (31-34), parent-report and self-report results were similar. However, we cannot be certain about the extent to which children filling out the PedsQL at home did so completely independently from their parents.
Of concern is our finding that 30% of children completing the PTSD screening were found to be at risk. Although the significance of these findings should be tempered by low response rates, these findings are consistent with those of others (35, 36) . Colville and colleagues (37) reported that delusional memories are reported by almost one-third of children in the PICU and are associated both with the duration of administration of benzodiazepines/opioids and subsequent risk of post-traumatic stress.
Our study has several limitations. We had incomplete data on family SES, Missing less than 6% of ITQOL scores in the sedation protocol and usual care groups.
x Assessed in children 1 year of age and older.
ORIGINAL ARTICLE Impaired HRQL defined as score greater than 1 SD below the mean of the reference population (13).
x For the sedation protocol group, missing 58% of school functioning scores in the 2-to 4-year age group and 2% in children 5 years or older. For the usual care group, missing 56% of school functioning scores in the 2-to 4-year age group and 4% in children 5 years or older. Of the 107 children missing school functioning scores whose parent/guardian provided interview data, 95 (89%) were not enrolled in school, preschool, or daycare. jj Missing emotional functioning score for one patient in the sedation protocol group in the 13 years or older age group and school functioning score for one patient in the sedation protocol group in the 8-to 12-year age group.
particularly related to household income. We therefore used median income of the zip code of residence as a measure of the economic environment of the patient. We had incomplete follow-up data on the cohort, which limits its reliability, particularly related to the child-report measures of HRQL and PTSD symptoms. However, characteristics of patients with follow-up were generally similar to those without follow-up, with the important exception of relatively lower follow-up rates among less advantaged families (minorities, having lower levels of parental education, and residing in areas with lower median incomes). Follow-up rates did not differ by treatment arm. The PCPC and POPC scores were determined in different ways at each of the three time points. The PCPC and POPC categories could have been interpreted differently, and the varied methods to determine these scores may have influenced the results. We did not have baseline assessments of HRQL, and scores on the ITQOL and PedsQL are affected by physical and cognitive function. Therefore, we cannot know for certain the extent to which postdischarge scores were changed from baseline, especially among patients with baseline functional impairment. Finally, patient recovery may be a dynamic process that cannot be fully captured using one time point 6 months after PICU discharge (38) . Importantly for this interventional trial in children with acute respiratory failure, we were able to collect postdischarge data from nearly four-fifths of eligible patients in this large, multicenter trial (39, 40) . We used centralized follow-up data collection augmented by active involvement of site personnel to collect accurate, comprehensive contact information from consenting families. Particularly helpful were the collection of multiple modes of contact (home and mobile phone numbers, email addresses, and phone numbers for relatives and primary care providers) and the use of social media via a study Facebook page. We did not offer financial incentives to participating families. Although we mailed a copy of the interview and HRQL/PTSD measures to families, many families preferred to complete measures over the telephone.
Nonetheless, obtaining results directly from older children (for the PedsQL and CPSS) was a considerable challenge, resulting in low follow-up rates for the patient self-report measures. Although increasing age was associated with missed visits in a longitudinal study of children with asthma, the specific reason for that association is not certain (41) . When we tried to speak to children directly on the phone, they were often unavailable for multiple reasons (e.g., being at school, doing homework, involved in after-school activities). We speculate that children may have viewed filling out the surveys as a chore and chose not to. In addition, it is possible that parents felt protective of their children after hospitalization (so did not make them available) or that completing the PTSD screen or HRQL measure was in itself stressful to the subjects.
Conclusions
A team-based, nurse-implemented, and goal-directed sedation protocol had no demonstrable effect on postdischarge outcomes. However, postdischarge Definition of abbreviations: CPSS = Child PTSD Symptom Scale; IQR = interquartile range; PICU = pediatric ICU; PRISM III-12 = Pediatric Risk of Mortality III score from first 12 hours in the PICU; PTSD = post-traumatic stress disorder. Data are mean (SD) unless otherwise indicated. *P values for the comparison of CPSS scores between treatment groups were calculated using linear and logistic regression accounting for PICU as a cluster variable using generalized estimating equations for continuous and binary variables, respectively, with adjustment for categorical age at CPSS, functional status at baseline, and PRISM III-12 score. †
Higher scores indicate higher severity of symptoms. Total symptom severity score ranges from 0 to 51, with higher scores indicating greater severity. Severity-of-impairment score ranges from 0 to 7, with higher scores indicating greater impairment. Mean scores from 75 children 2 years after the Northridge, California, earthquake in 1994 were total score = 7.6, reexperiencing subscale score = 1.9, avoidance subscale score = 2.7, and hyperarousal subscale score = 2.7 (14) .
ORIGINAL ARTICLE morbidity was common. Thus, even in this high-risk population, a sedation strategy that allows patients to be more awake and calm without an increase in inadequate pain or sedation management or clinically significant iatrogenic withdrawal does not lead to postdischarge physical or emotional dysfunction. n Author disclosures are available with the text of this article at www.atsjournals.org.
